Introduction
The research was initiated by the students who are recipients of Council for Undergraduate Research scholarships through the Undergraduate Research Mentoring Program (URMP). They were interested in helping other students recognize and prevent signs of Intimate Partner Violence (IPV) in their student life. University students are at high risk for IPV because of the newly gained freedom. Intimate relationships in a college campus have potential for IPV to unwary college students [1] [2] . College campuses have provided pamphlets and brochures to inform students of resources however students suggest moving away from the pamphlet as a source of information on IPV to using multiple mechanisms and mobile devices in preventing violence such as text messaging and other online resources [3] .
Intimate Partner Violence (IPV) is defined as a pattern of repeated actual or threatened acts that physically, sexually, or verbally abuse of a significant other [1] . IPV is preventable but if left unabridged or unresolved, psychosocial consequences are possible and could become a precursor to intimate partner violence [2] . Women between the ages of 16 and 24 experience the highest rate of intimate partner violence-almost triple the national average [4] . In the 2010 National Intimate Partner & Sexual Violence Survey found that 35.6% and 28.5% of men experience rape, physical violence or stalking by an intimate partner in their lifetime [5] . IPV costs U.S. society at least $13.6 billion annually and is expected to rise to $15.6 billion by 2021 [2] [6] .
Research links occurrence and severity of multiple symptoms with impairments in functioning and quality of life in survivors of IPV. In the US, survivors of IPV lose a total of nearly 8 million days of paid work, the equivalent of more than 32,000 full time jobs and nearly 5.6 million days of household productivity each year. More than a third of female homicides globally are perpetrated by an intimate partner [7] [8] . The consequences of IPV are physical and mental health conditions including physical injury, chronic pain, headaches, sleeping or awakening problems, anxiety, depression, posttraumatic stress disorder, among others [9] . Furthermore, IPV presents increased risk of homelessness, lack of social support, unemployment, substance use, and suicidality [7] [10] [11] .
The purpose of this study was to explore the usability and feasibility of Text Messaging as an intervention in preventing IPV among college students. Our specific aim was to evaluate text messaging as an effective method of delivering intervention on building healthy relationships and preventing intimate partner violence. The two research questions are: Will TMI 1) increase participant satisfaction (Satisfaction) and 2) increase participant confidence in their knowledge of IPV (Confidence).
Review of the Literature
IPV is associated with harmful health consequences that include: poor academic achievement, binge drinking, suicidal attempts, physical injury, and potential death. IPV is also linked to low self-esteem, anxiety, engagement of high risk sexual behavior and increased use of harmful substances (e.g. cigarettes & alcohol) [1] . Half of youth who have been victims of both dating violence and rape attempt suicide compared to 12.5% of nonabused women and 5.4% of non-abused men [8] . Being physically or sexually abused makes women six times more likely to become pregnant and twice as likely to get a STI [5] . The National Intimate Partner and Sexual Violence Survey (NISVS) reports that perpetrator are using birth control sabotage to control their victims and purposefully making them pregnant in the hope that having a baby will make the victim stay more reliant in the relationship and preventing them from escaping [5] .
In a systematic review [12] , text messaging was found to promote adherence in people living with HIV. Text-messaging interventions yielded significantly higher adherence than control conditions (OR = 1.39; 95% CI = 1.18, 1.64). Sensitivity analyses of intervention characteristics suggested that studies had larger effects when text messages 1) were sent less frequently than daily, 2) supported bidirectional communication, 3) included personalized message content, and 4) were matched to participants' antiretroviral therapy dosing schedule. Interventions were also associated with improved viral load and/or CD4+ count (k = 3; OR = 1.56; 95% CI = 1.11, 2.20). The authors suggested less frequent messaging interventions with content and timing that is individually tailored and designed to evoke a reply from the recipient. The text messages that are short, supports bidirectional personalized communication, and rhymed evoke positive response [13] [14] .
We searched PubMed from January 1, 2005 to January 13, 2014 for studies comparing IPV interventions delivered via online or mobile devices such as e-mail, text messaging or social networking to interventions delivered via traditional means, e.g., face-to-face. Our search string utilized both Medical Subject Headings (MeSH) and keywords for the concepts of "intimate partner violence" and "technology". We identified two studies that evaluated the delivery of interventions via videoconferencing [15] [16] . We found no reported study on the use of mobile technology in delivering intervention for IPV survivors. In addition, we identified two survey studies [17] [18] , that assessed preferences for, and use of, email among women who had experienced IPV. One study reported that email-mediated interaction with women and children who had received Protection from Abuse court orders was a feasible method of maintaining contact with this group citing our study [19] .
Hassija et al. [15] tested the effectiveness and feasibility of videoconferencing technology in the treatment of 15 female rural domestic violence and sexual assault survivors and found large reductions on measures of PTSD and depression and participant satisfaction with video-conferencing. Tschirch et al. [16] used tele-mental health intervention to provide mental health services to address the unmet mental health needs of survivors of domestic violence who did not meet the admission criteria of a local women's shelter, requiring a diagnosis of major depression, bipolar illness, or schizophrenia, and a score of <50 in the Global Assessment of Functioning Scale. Results showed tele-mental health would help address the unmet needs of survivors of domestic violence.
Gilroy et al. [17] assessed which method of communication was preferred by 292 women experiencing abuse. The choices of communication were: phone voice, face-to-face, texting, email, or Facebook. The women in the sample preferred face-to-face and phone voice communication; however, many were open to texting, email or Facebook. Rothman et al. [18] explored the prevalence of email use among 57 female residents of a women's shelter. Results showed 47% had a current email account, 89% used email in locations other than their own homes, 81% reported that their email accounts had not been accessed by unauthorized intimate partners and 88% reported it would be safe for the shelter to email them following their discharge. Finally, in our own study [19] as cited by Rothman et al., email interaction was useful in providing information, screening, safety instructions, and follow-up care among female survivors of intimate partner violence, their teen-age child and the nurse interventionist.
A meta-analysis of 19 randomized controlled trials conducted in 13 countries that explored the efficacy of text messaging-based health promotion interventions was done by Head et al. [20] . The overall weighted mean effect size representing the impact of the interventions on health outcomes was d = 0.329 (95% CI = 0.274, 0.385; p < 0.001). This effect size was statistically heterogeneous (Q 18 = 55.60, I 2 = 67.62), and several variables significantly moderated the effects of interventions for smoking cessation and physical activity. Text messaging-based interventions for smoking cessation and physical activity were more successful than interventions targeting other health outcomes. Text message tailoring and personalization were significantly associated with greater intervention efficacy [20] .
Methods
A mixed methods design was used to examine the feasibility of text messaging as a tool for delivering intervention in IPV [21] [22] . Mixed methods design was used because quantitative or qualitative data collection and data analysis by itself may be inadequate in assessing whether TMI will improve participants' willingness to intervene in IPV situations, increase participant satisfaction, and increase participant confidence in their knowledge of IPV [21] - [24] .
Before data collection, we responded to Creswell's five attributes in designing mixed methods studies, they are: 1) Rationale: Our rationale for mixing methods was to allow participants to respond to objective questionnaires with self-report answers, respond to subjective open ended questions, and/or share with the research team their thoughts, feelings, and ideas about their IPV experience unencumbered by filling-in or checking space limitations, 2) Data collection and data analysis paradigm: We used phenomenology as a mixed methods paradigm to integrate not only specific quantitative and qualitative data collection and analysis procedures but also the social construction of multiple phenomena understood as valid realities in the mind of the participant, 3) Priority: We gave priority to quantitative data collection and analysis by first collecting and analyzing quantitative data. Qualitative data collection and analysis came second, 4) Concurrent or sequential implementation: We used a sequential implementation and integration plan for data collection and data analysis techniques, and 5) Phase at which time mixing methods were done. Mixing of data collection and data analysis was planned at the proposal stage of the research and implementation occurred first at the data collection phase (combining objective items with subjective open-ended items in one questionnaire) and continued to the data analysis phase.
This research is guided by the theoretical framework of Disruptive Innovations (DI) [25] - [28] . A DI is the function of an intentionally and deliberately developed product or service, here, Text Messaging Intervention (TMI). DI as a fundamental paradigm takes a unique and bold approach to change the way information or inter-vention is communicated. DI does not focus on persuading individuals to change their behavior, attitude, or habit. Instead, it considers change as the evolution or the reshaping of products and behaviors to achieve greater fits to serve the needs of individuals, groups, and communities. In DI, individuals do not change but, innovation reshapes individual behaviors [28] .
Text Messaging Intervention TMI is designed as a simple product that disrupts and diffuses a common activity (texting) and offers an inexpensive, simple, convenient service that has the potential for preventing or decreasing the risk of being in an IPV. Furthermore, TMI also informs participants of strategies to build healthy intimate relationships through research to a level that proximately reaches its users/consumers [10] [19] . TMI offers an inexpensive and convenient service that has the potential to be diffused as a disruptive tool in preventing or stopping IPV. TMI also informs the user/participant of strategies and resources to build healthy intimate relationships. As a disruptive innovation tool, it is diffused and received by a diverse population at a level that meets the needs of universal, selective and indicated users/consumers [1] [27] [28] .
Ten male and ten female (n = 20) participants between 18 and 24 years old were recruited for this study. Recruitment was accomplished by posting flyers (see Figure 1) on bulletin boards of a private university in Southwestern Pennsylvania. To allow for a 20% attrition rate, 24 participants were recruited which gave us 20 participants between 18 and 24 years old who own and use mobile phone for texting and have access to the Internet. Participants were not screened whether they are experiencing IPV or not. We recruited them as diverse users of a product or service (TMI) inserted in the most common and simple activity that has the potential to disrupt and reshape their way of relating to others. Our inclusion criteria were 1) male and female undergraduate students, 2) between ages 18 and 24 years, 3) owns a smart phone, 4) uses text messaging communication system, and 5) is willing and able to sign an informed consent. No exclusion criteria were stated. Due to the pilot exploratory nature of this study, the statistical power necessary to be generated by the small sample size (20) is difficult to determine. Furthermore, preliminary data with an effect size using the pre-and post TMI survey is not available. Determining the necessary effect size is one purpose of this pilot study. This pilot will give us data about recruitment and retention in the time period of the proposed study. A sample size of 20 produces a two-sided 95% confidence interval with a distance from the mean to the limits that is equal to 0.47 when the estimated standard deviation is 1.00 and interval with a width equal to 0.05 when the sample proportion is 0.05. Twenty researcher-developed Text Messages comprise the TMI shown in Figure 2 and were delivered to 20 male and female college students once a day for four weeks after signing the Institutional Review Board-approved consent form. The 20 text messages were numbered 1 -20 and the first 5 text messages (items 1 -5) were sent one day at a time during the first week followed by items 6 -10 on the second week, 11 -15 and 16 -20 on the third and fourth weeks respectively.
Data was collected twice, at baseline (Pre-TMI) (Figure 3 ) and week six (Post-TMI) (Figure 4 ) face-to-face. Participants received one TMI every day five-days-a-week for four weeks. The Pre and Post TMI Surveys were completed by participants. The survey sought quantitative and qualitative responses before and after four weeks of receiving Text Message Intervention (TMI) to assess the effects of TMI on awareness of potential violent behaviors, knowledge of the warning signs of IPV, and knowledge of actions to take to prevent IPV.
The use of mixed methods design allowed the research team to examine qualitative and quantitative data on the effects of TMI. The qualitative portion of the TMI includes the user's satisfaction with access, user-friendliness, convenience, practicality, and presence of distracting or unwanted words. Survey questions that we include in the analysis: 1) Satisfaction: Do you believe text messaging is an effective method of building healthy dating relationship why or why not. This item had a yes no response option and 2) Confidence: How confident do you feel w/your knowledge of warnings sings of dating violence and actions you can take to prevent it? This item used a four point Likert scale 1 = not at all confident, 2 = neutral, 3 = somewhat confident and 4 = very confident. One-way ANOVA, Chi-square test or other nonparametric statistical procedures was used to analyze quantitative data from the pre and post TMI survey.
Results
Twenty students, 10 males and 10 females completed the pre and post TMI survey. 70% of the participants owned a smart phone and 80% have used a cell phone for the past 5 years. 50% of the participants used texting as Before participating in this study, please take the time to fill out this survey regarding your cell phone usage and knowledge of intimate partner violence. All information will be kept strictly confidential. their first mode of communication. 90% reported to texting every hour. In both the pretest and posttest, 10 students said they would use text messages as a form of intervention. Results showed that knowledge level pre to post test scores increased from 2.00 ± 1.00 to 2.7 ± 0.48 (p < 0.001) and confidence level pre to post test scores increased from 2.89 ± 0.60 to 3.30 ± 0.68 (p < 0.001). In the pretest 12 students were somewhat confident and four participants were very confident about their knowledge about IPV warning signs and actions taken to prevent IPV. In the post test 12 students were somewhat confident and 4 students became very confident to intervene in IPV.
In our qualitative analysis, the participants commented that they liked how the "text messages were readable and easy to understand because they were short and direct". They had no problems comprehending the message the researchers were trying to convey via TMI. Four participants stated the TMI is an effective tool because "since the messages were sent to their phone they were forced to read them". Another participant stated "I feel text messages are one of those things you're forced to read (as opposed to emails, fliers, presentations etc.). Texts are the new means of communication, so it is an appropriate method of IPV education". An overarching theme why the participants thought the TMI is an effective tool is that the text messages were catchy and rhymed.
Discussion
The research question asked whether there was a difference before and after TMI in study participants as measured by the TMI survey was answered positively through the acceptance of the hypothesis that stated there was a significant difference in study participants before and after TMI. This study could serve as a catalyst for developing intervention and educational programs that support, inform, and educate college students of the consequences of IPV and evidence-based strategies to prevent it [2] [25]- [30] .
Results of this pilot project may provide important data on the importance of early and timely information to college students on building healthy relationships and strategies to prevent IPV even before they enter into such relationships. Text messaging has been used in helping young adults understand sexual health promotion [12] [13] . A text messaging intervention (TMI) was developed to assess the effects of TMI on awareness of potential IPV behaviors, knowledge of the warning signs of IPV, and knowledge of actions to take to prevent IPV.
This study supports Gold's and others [13] in a randomized controlled trial using mobile advertising to promote safe sex and sun safety to young people. As commented in our results and supported by Gold and others, TMI could be an effective tool when the text messages are short, catchy and rhymed. Replication of this study using a larger sample size, more follow-up assessments and using a wait-list control is needed to confirm our findings that TMI improves participants' willingness to intervene in IPV situation, increases participant satisfaction and increases participant confidence in their knowledge of IPV.
This study has a number of limitations. First the small sample size prohibits generalization. Second there was no follow up after the post test survey. Third and lastly analysis of the qualitative data could have been done simultaneously and included in this report. Despite these limitations, results of this study contribute to our understanding of the need to evaluate the use of mobile technology in IPV interventions. There is a great need to triangulate quantitative with qualitative outcomes by quantifying qualitative data and/or qualifying quantitative data to complete the picture of the lived experience of recognizing and responding to prevent intimate partner violence in young adults.
